In 1853 Little described the condition we now call cerebral palsy. He commented on the limb deformities it produced and how they could be treated. It is this involvement of the locomotor system which brings the orthopaedic surgeon into the management of a primarily central neurological condition. The majority of patients present to the paediatrician or the neurologist but a few will appear for the first time in the orthopaedic clinic as disorders of gait, posture or limb deformity. The neurological cause for the deformity or disorder should be looked for carefully before offering treatment for the deformity itself.
The aim of orthopaedic surgery in these children is to improve function and prevent disability and deformity. The right time for surgery is often difficult to assess but, in general, surgery should be considered if a deformity is definitely present or even increasing despite adequate conservative treatment, usually physiotherapy. Conversely, surgery should not be delayed until a deformity is causing severe disability. If these patients are referred late when a deformity has become gross it is only possible to offer extensive or salvage surgery which may not be justified in a severely handicapped child. Surgery is indicated to improve function and not simply to correct a deformity because it is present. In a few patients, particularly adolescents, the appearance of the limb is distressing. This is a much more common problem in the upper limb. In such cases, surgery for cosmesis should be considered and can be very successful.
The methods of surgery at present available are very simple. It must always be remembered that we are treating a complex central neurological lesion by surgery at the periphery. This type of surgery will never cure, but if wisely used it can alleviate the effects of the central lesion. It is vital that the patient's parents, and the patient himself if he is old enough, realize this; if they expect a cure they will always be disappointed by what is essentially palliative surgery. Surgery can be used to correct established fixed deformities and to obtain a better balance between over-and under-acting muscles. This can be achieved by neurectomy, muscle and tendon elongation or division and tendon transfer. The last is much the most attractive method but it is also the most difficult, as in this condition an accurate clinical assessment of muscle imbalance is so hard to make. Recent work by Perry & Hoffer (1977) using electromyography to supplement clinical assessment has been helpful in deciding between tendon transfer and lengthening procedures. Fixed bony deformities have to be corrected by bony procedures. These usually develop late and it is hoped that improved early management will make such operations less common.
Before embarking on surgery the surgeon should first ensure that the neurological diagnosis is fully established, since surgical efforts may be negated by progression of the basic disorder. Second, the surgeon must consider very carefully the contraindications to surgery. Many of these may not be orthopaedic and this reinforces the concept that the surgeon must work as one of a team of specialists treating the child and not in isolation. There are no hard and fast rules regarding contraindications, but in general if the child has poor head control, poor balance, severe involuntary movements or persistent tonic reflexes, surgery should not be offered. Intelligence is not so important as drive and the patient's desire to walk. Certain problems such as progressive subluxation of the hip or spinal deformity may have to be tackled regardless of the child's other disabilities to prevent an intolerable situation developing.
Surgery is largely confined to the spastic type of cerebral palsy. It is rarely indicated in the athetoid and ataxic types. In general, although the surgeon is dealing with a complex neurological problem, simple procedures which involve the minimum of disturbance for the child are likely to be the most successful. The aim is to keep the child in hospital and immobilized in plaster for as short a time as possible. Soft tissue procedures are, therefore, preferred to bony procedures. Early mobilization and weight-bearing in and out of plaster should be encouraged.
Hemiplegia (Figure 1) In hemiplegic cerebral palsy, foot deformity and leg inequality are the most common orthopaedic problems. Leg inequality rarely exceeds 5 ern. Procedures such as tibial lengthening or epiphysiodesis to stop growth on the normal side are rarely, if ever, justified. Frequently, the equinus of the foot on the hemiplegic side compensates very adequately for the shortening. A raise on the shoe, although theoretically useful to equalize leg lengths, is often poorly tolerated because it increases the weight of the boot or shoe on the handicapped side. As a result the child is more unbalanced and his gait worse with the raise than without it. Equinus that has persisted despite adequate physiotherapy should be corrected if it is causing a functional disability.
Serial plasters can be very useful when the equinus is still just passively correctable but the child persistently walks with the foot in equinus. The plasters can be applied with or without an anaesthetic. They should be changed at 2-3 week intervals and should be retained for 6-8 weeks. It has been suggested that the plaster should be applied above the knee to prevent 'back-kneeing' or walking with the knee persistently flexed. However, the aim is to encourage the child to walk with as normal a gait as possible in the plaster and, therefore, it is preferable to leave the knee free.
The classical method of distinguishing between equinus due to the soleus muscle and that largely due to the gastrocnemius muscle is to examine the dorsiflexion of the foot with the knee flexed for the soleus and the knee extended for the gastrocnemius. There are many papers extolling the virtues of elongating either the tendo achilles, the gastrocnemius or both. All have a significant recurrence rate with growth. One of the simplest and most effective methods is the slide elongation of the tendo achilles described by White (1943) . In this operation the medial half of the tendon is divided proximally and the anterior half distally. The tendon can then be elongated by sliding the fibres apart, but the tendon does not have to be sutured. The patient can be walking in a below knee plaster 48 hours after the operation. The plaster is retained for three weeks only. Provided good active dorsiflexion of the foot is developed after the plaster is removed, no further splintage is necessary. This procedure typifies the simple type of operation, with minimum hospitalization and immobilization, which works well in the cerebral palsy patient.
Varus and valgus deformities may also develop in the hemiplegic foot. Varus is frequently associated with an equinus deformity. It is most important to correct the equinus deformity first before considering tendon transfer for the varus deformity. The tibialis posterior muscle is usually the main deforming force. Elongation of its tendon at or above the ankle is a very simple procedure. However, it is not always sufficient to correct the varus deformity. Lateral transfer of the tibialis posterior tendon works well, but careful preoperative assessment is necessary to avoid converting a varus deformity into a valgus one. Valgus deformity of the foot is more common in diplegia than hemiplegia (Figure 2 ). It may be associated with persistent tightness of the tendo achilles producing the so-called valgus ab equino foot. In this condition the subtalar joint becomes hypermobile allowing the foot to evert and pronate. The head of the talus moves medially and downwards producing a severe flat or rocker-bottomed foot. This is commonly seen in patients with marked persistent internal rotation of the leg from the hip. Elongation of the tendo achilles has been advocated for this condition, but in my experience once the hypermobility of the subtalar joint has become established it is usually unhelpful. The classic operation of extra-articular subtalar fusion described by Grice (1952) will control the deformity. It can be performed once the bones are of reasonable size, i.e. from about age 4 years. The modified technique using screw fixation (Dennyson & Fulford 1976 ) is very satisfactory in controlling the position of the foot before fusion occurs and reducing the length ?f ti~e in plaster. In order to avoid a bony operation, transfer of peroneus brevis to the insertion of the tibialis posterior on the medial side is being tried out at present with some success. Finally, in the grossly pronated and everted foot, triple arthrodesis may be used to provide a reasonably shaped foot which will accept normal footwear. The technique of inlay grafting described by Williams & Menelaus (1977) is very suitable for these severe valgus feet. Spastic diplegia (Figure 3 ) Spastic diplegia is much more difficult to treat surgically. The patient characteristically walks with hips flexed, adducted and internally rotated, knees flexed and feet hyperpronated and everted with or without equinus. The problem is to distinguish the primary deformity. Reimers (1973) explains the problem very well. In general, surgical treatment should start proximally and proceed distally.
Adduction at the hips should be treated surgically if the passive range of abduction is less than 25°-30°on each side despite adequate conservative treatment to prevent progressive subluxation and dislocation of the hips. Open adductor tenotomy plus anterior obturator neurectomy is a well-established procedure. Closed adductor tenotomy is rarely sufficient and total obturator neurectomy can produce fixed abduction. Internal rotation at the hips remains a problem. Open adductor tenotomy often improves the position as well as correcting limited abduction. Various muscle transfers have been described but none have become clearly established. External rotation femoral osteotomy seems an obvious answer, particularly when there is a significant degree of persistent anteversion of the femoral neck. However it has two disadvantages: performed under the age often years, recurrence of the deformity necessitating further operation is common and it requires immobilization in a plaster spica for at least six weeks. It often takes older patients many months to recover from this period ofimmobilization.
Flexion deformity at the knee demands careful assessment. It is essential to decide whether the deformity arises primarily at the knee or is secondary to fixed flexion at the hip. If the deformity is primarily at the knee, the classic hamstring transfer to the lower end of the femur can be used (Eggers 1952) . Unfortunately, this procedure is often too effective. It provides too much extensor power at the hip and knee and results in the patient exchanging too much tlexion at the knee and hip for too little. This can produce serious problems in negotiating stairs and sitting. For patients with significant fixed flexion at the knee, simple distal elongation of the hamstrings is now preferred. For patients with dynamic hamstring tightness but no significant fixed flexion at the knees, proximal hamstring release, described by Reimers (1974) , is very effective. These patients characteristically walk with a short restricted stride, and straight leg raising is severely limited. With the hip extended they have no fixed flexion at the knee but with the hip flexed to 90°they have 70°or more of fixed flexion at the knee. They cannot sit up with their legs extended. In spastic diplegia the achilles tendon may appear to be tight because the patient walks with his heels off the ground. However, this is often secondary to flexion at the hip and knee. If the tendon is elongated in this situation the patient simply sinks nearer the ground by further flexion at the hips and knees. It is, therefore, essential to deal with the proximal deformities first to avoid unnecessary operations at the tendo achilles which result in over-lengthening, weakening and a further deterioration in the child's gait.
The severe quadriplegic patient might well be considered unsuitable for any orthopaedic surgery. Many of these children cannot sit, let alone stand, on their own. They represent an immense burden on their families and any small aid in their management is greatly appreciated. They frequently develop an asymmetric lying or sitting position with one hip flexed, abducted and externally rotated while the other becomes flexed, adducted and internally rotated. This so-called 'windswept' deformity makes nursing and positioning difficult (Figure 4) . The hip on the adducted side undergoes progressive subluxation which is frequently painful and can rapidly lead to dislocation. Once the hip has dislocated, the 'windswept' deformity is established and almost impossible to alter. In the past open adductor tenotomy and anterior obturator neurectomy have been tried to correct this problem. However, unless the leg lies naturally or is permanently splinted in the abducted and externally rotated position, the condition rapidly recurs. G E Fulford (personal communication) has suggested combining a varus external rotation osteotomy with open adductor tenotomy to ensure the leg lies naturally in the abducted and externally rotated position without splintage. Early experience of this approach has been very encouraging in preventing dislocation and easing the burden of management of these severely handicapped children.
Conclusion
Surgery in cerebral palsy can be very rewarding. The operations which have stood the test of time are few and simple. The surgeon in this field must work in close cooperation with his colleagues of other disciplines who are also treating the child if disasters are to be avoided. Far more time will be spent in observation, assessment and postoperative rehabilitation of the child than in the operating theatre. The quality and accuracy of the former will largely determine the success of the latter.
